Abstract -Finite Volume Method (FVM) is chosen to calculate the heat transfer field and the heat generation with in the cable and heat dissipation in the surrounding soil of a three phase 145kV underground cable brunch that make it possible to analyze the ampacity of the cable. FLUENT as the proper software in this field is used to generate and solve the problem. Non-homogenous environment is considered for cable ampacity calculation and results are compare with homogenous environment condition
Introduction
Ampacity is a term given by Del Mar in 1951 to the current carrying capacity of a cable [1] . Calculation of the current-carrying capability, or ampacity of power cables has been extensively discussed in the literature and is the subject of several international and national standards. Ampacity calculation techniques are as old as the cables themselves. Anders has summarized the history of ampacity calculations in his book [2] . There are analytical and numerical approaches to calculate cable ampacity. The two major international standard associations, the IEEE and the IEC, have adopted the analytical methods as the basis for their standards [3] [4] [5] . The calculation procedures in both standards are, in principle, the same and are based on the model that is proposed by Neher and McGrath paper [6] . The major difference between them is the use of units and because of this, the same equations look completely different. The numerical approaches are mainly based on finite differences, finite volume or finite elements techniques. The finite volume technique is better suited for cable ampacity because of physical condition of this problem, Anders [7] , Nahman [8] .
Thermal field problem of underground cable for different cable route has been studied by many researchers, Gela [9] , Koopmans [10] , Al-Ohaly [11] , Vaucheret [12] .
Ampacity in an underground cable system is determined by the capacity of the installation to extract heat from the cable and dissipate it in the surrounding soil and atmosphere. The maximum operating temperature of a cable is a function of the damage that the insulation can suffer as a consequence of high operating temperatures. The insulation withstands different temperatures as function of the duration of the current circulating in the conductors. There are three standardized ampacity ratings: steady state, transient (or emergency) and short-circuit. Only steady state ampacity ratings are discussed in this paper. As providing analytical solution for complex situation is very indirect and in many cases the experimental method may preferred, in these condition numerical method as FVM is more pragmatic and cost effective. This paper focuses on the numerical techniques for the computation of cable ampacity in steady-state through the use of assumptions that simplify the problem.
Finite Volume Method (FVM) is chosen to calculate the heat transfer field and heat generation with in the cable and heat dissipation in the surrounding soil. FLUENT as a proper software in this field is used to generate and solve the problem, FLUENT 6.3 [13] .
Most of the researches in this field are for homogenous area (soil) condition in order to simulate the actual soil in this paper a three dimensional model of the cable in full size and non-homogenous surrounding area is designed in FLUENT. Results are compared with the homogenous area condition.
Modeling
In the development of a mathematical model we will use cable shown in Fig. 1 . This is a 145 kV, paperpolypropylene-paper cable with 2000 mm 2 copper segmental conductor and aluminum corrugated sheath. The outer covering is a PE jacket. The cables are laid in a flat formation without transposition, in the soil, with ambient temperature equal to 25 o C. The sheaths are cross bounded with unknown minor section length. The centers of the cables are below the ground and phases are 0.5 m apart (in three phase configuration). This laying condition is called the standard conciliation of this cable. The cable parameters are provided in Table 1 [14] .
FLUENT analysis relies on its element and choosing this element has an important effect on the results. We use the Tgrid-Map element that is triangular element and well suited for round shapes like cable cross section that is similar to circles.
Boundary condition as said before all are isothermal, 25 degree, heat generation in cable entered as a load. An iterative method is used to calculate ampacity of the cable. Also the skin effect is considered as a reduction in the main current. Maximum temperature of power cables is determined by the cable insulation. This temperature is produced by the energy that is generated by 2 W = R.i . In cable simulation, it is considered as the source of heat generation that is calculated as follow:
Conductor resistance is calculated in two stages. First, the dc value R (Ω/m) ′ is obtained from the following expression: o C θ = maximum operating temperature In the second stage, the DC value is modified to take into account the skin and proximity effects. The resistance of a conductor when carrying an alternating current is higher than that of the conductor when carrying a direct current. The principle reasons for the increase are: skin effect, proximity effect, hysteresis and eddy current losses in nearby ferromagnetic materials, and induced losses in short-circuited non-ferromagnetic materials nearby. The degree of complexity of the calculations that can economically be justified varies considerably. Except in very high voltage cables consisting of large segmental conductors, it is common to consider only skin effect, proximity effect, and in some cases, an approximation of the effect of metallic sheath and/or conduit. The relevant expression is:
where y s = skin effect fator y p = proximity effect fator When paper and solid dielectric insulations are subjected to alternating voltage, they act as large capacitors and charging currents flow in them. The work required to effect the realignment of electrons each time the voltage direction changes (i.e., 50 or 60 times a second) produces heat and results in a loss of real power that is called dielectric loss, which should be distinguished from reactive loss. For a unit length of a cable, the magnitude of the required charging current is a function of the dielectric constant of 
where the electrical capacitance and the phase to ground voltage are obtained from:
heath losses are current dependent, and can be divided into two categories according to the type of bonding. These are losses due to circulating currents that flow in the sheaths of single-core cables if the sheaths are bonded together at two points, and losses due to eddy currents, which circulate radially (skin effect) and azimuthally (proximity effect). Eddy current losses occur in both threecore and single-core cables, irrespective of the method of bonding. Eddy current losses in the sheaths of single-core cables, which are solidly bonded, are considerably smaller than circulating current losses, and are ignored except for cables which large segmental conductors. Thus, the total joule loss W I in a cable can be expressed as
The quantity 1 λ is called the sheath loss factor and is equal to the ratio of the total losses in the metallic sheath to the total conductor losses. Similarly, 2 λ is called the armor loss factor and is equal to the ratio of the total losses in the metallic armor to the total conductor losses. Incidentally, it is convenient to express all heat flows caused by the joule losses in the cable in term of the loss per meter of the conductor. Heat generation that is applied to the conductor surface in the FLUENT simulation is Heat Generation = W I (7)
Simulation
The calculation of the ampacity of a cable (with conduit or without conduit) routed through soil with different thermal resistivity is very complex. Due to different thermal resistivity of soil around the cable, 3D mathematical analysis should be done, for which the temperature distribution around the cable is a function of the axial location, distance from the cable a depth below the surface of the earth, Vaucheret [12] .
In the present paper the arrangement of thermal resistivity of soil is chosen in order to have as much as possible a non-homogenous condition which is far from homogenous condition. Therefore two cases are considered for route of cable.
Case 1:
12 m of route is considered, the length of route is divided to 3 equal segments and different thermal resistivity is assigned to the soil (Fig. 2) . Case 2: 12 m of route is considered, the length of route is divided to 2 equal segments and different thermal resistivity is assigned to the soil (Fig. 3) . 
Fig. 4. Route dimensions are used in simulation
In these cases for cables with conduit, there is air around each cable and in simulation natural air convection should be considered
Simulation Results
Simulations are done for different condition (with conduit and without conduit) for three phase cable system (three single phase cable in flat configuration) and single phase cable.
Comparison of ampacity of three phase cable (with conduit) in homogenous and non-homogenous soil are shown in Fig. 5 .
Comparison of ampacity of single phase cable (with conduit) in homogenous and non-homogenous soil are shown in Fig. 6 , for non-homogenous soil with conduit and without conduit the variation of ampacity shows similar trace shape.
Comparison of ampacity of three phase cable (without conduit) in homogenous and non-homogenous soil are shown in Fig. 7 . In non homogenous soil for with conduit and without conduit the variation of ampacity shows different trace shapes (Fig. 7) . For three phase cable with conduit (three phases are in a pipe shape conduit) in the point of view of heat dissipating the conduit acts like single phase cable and the variation of ampacity shows a trace shape like single phase cable. But for without conduit each phase dissipates the heat and thermal field for this system in the surrounding soil is not the same as three phase system in conduit.
Comparison of ampacity of single phase cable (without conduit) in homogenous and non-homogenous soil are shown in Fig. 8 , for non-homogenous soil with conduit and without conduit the variation of ampacity shows similar trace shape. 
Conclusion
In the present paper a 3D simulation is introduced for computation of power cable ampacity in different conditions of route soil.
From results of the present paper simulations (Figs. 5 to 8) can judge that calculation of cable ampacity for homogenous soil and non-homogenous soil are not the same and there is a difference of more than 10%. Therefore computation of cable ampacity for homogenous soil and then using the cable in a route with nonhomogenous soil can over load the cable.
